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BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates in general to packaged electronic devices and specifically to 
lead frames for packaged electronic devices. 

10 Description of the Related Art 

[0002] Electrical circuits such as integrated circuits can be implemented in packaged 
electronic devices. A packaged electronic device may include one or more lead frames and 
one or more die for implementing electrical circuits of the packaged electronic device. In 
some embodiments, the die and lead frame(s) may be encapsulated with an encapsulant. 

15 [0003] Because the packaging of die includes different materials (e.g. metal, 

encapsulant), temperature variations may cause the packaged die to be stressed during 
manufacture and operating conditions due to the differences in thermal expansion and other 
material properties of the different materials. For some packaged electronic devices that 
include some types of circuits and transducers (e.g. a sensor), this stress may affect the 

20 operation of the device. 

[0004] Figure 1 is a partial cross sectional view of a prior art packaged electronic device. 
Packaged electronic device 101 includes a first die 105 and a second die 107 attached to the 
top of die 105. Die 105 and die 107 are utilized to implement a sensor. Located between die 
105 and lead frame 103 are four rubber or adhesive pads (with rubber or adhesive pads 1 13 

25 and 111 being shown in Figure 1). The rubber pads isolate die 105 from stress along lead 
frame 103. The rubber or adhesive pads are attached to a flag structure of lead frame 103. 
Prior to encapsulation, die 105, die 107 and the rubber pads are enclosed in a gel 109 for 
further stress isolation. This stress isolation may be done for the sensor to function 
electrically within accepted specifications in the operating temperature range. After wire 

30 bonding, the entire assembly is encapsulated with encapsulant 1 15 at an elevated temperature. 
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After cooling back to room temperature, an air gap (not shown) is formed between the gel 
and encapsulant due to a much faster shrinkage of the gel compared to the encapsuiant. The 
air gap shields die 105 and die 107 from the packaging stress caused by encapsulant 115 and 
lead frame 103. 

5 [0005] Such a stress isolation process is complicated and the process control is often 
difficult. In addition, to accommodate the inclusion of the gel, the resulting package that is 
simpler, smaller, and with significantly reduced packaging stress to an electronic device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The present invention may be better understood, and its numerous objects, 
10 features, and advantages made apparent to those skilled in the art by referencing the 
accompanying drawings. 

[0007] Figure 1 is a partial cross sectional view of a prior art packaged electronic device. 

[0008] Figure 2 is a top view of one embodiment of a lead frame for a packaged 
electronic device according to the present invention. 

15 [0009] Figure 3 is cut away side view of one embodiment of a packaged electronic device 
according to the present invention. 

[0010] Figure 4 is a perspective view of another embodiment of a lead frame according to 
the present invention. 

[0011] Figure 5 is a side view of an automobile implementing a packaged electronic 
20 device according to the present invention. 

[0012] Figure 6 is a block diagram of a video game device implementing a packaged 
electronic device according to the present invention. 

[0013] The use of the same reference symbols in different drawings indicates identical 
items unless otherwise noted. 
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DETAILED DESCRIPTION 

[0014] The following sets forth a detailed description of a mode for carrying out the 
invention. The description is intended to be illustrative of the invention and should not be 
taken to be limiting. 

5 [0015] Figure 2 shows a top view of a lead frame for a packaged electronic device 
according to the present invention. Lead frame 201 includes a die mounting location 203 
located on its top side (relative to the view shown in Figure 2). Die mounting location 203 
defines the location of a die with respect to a lead frame in a packaged electronic device. 
Lead frame 201 includes four split flag structures 205, 207, 209, and 21 1. The top side of 

10 each flag structure includes a portion of die mounting location 203. 

[0016] In the embodiment shown, lead frame 201 also includes wire bond pads (e.g. 220) 
where wires (not shown) are bonded for coupling to the bond pads (not shown) of the die via 
bond wires (e.g. 3 15 of Figure 3). After encapsulating lead frame 201 and die, portions (e.g. 
222) of lead frame 201 are trimmed. 

15 [0017] In other embodiments, the bottom sides (relative to the view shown in Figure 2) of 
the wire bond pads (e.g. 220) are exposed from encapsulation to serve as bond pads for 
external coupling of the die to e.g. a printed circuit board. With other embodiments, other 
types of external conductive structures (e.g. balls or bumps) may be coupled to the wirebond 
pads of the lead frame for external coupling of the die. 

20 [0018] Lead frame 201 includes support structures 219, 221, 223, and 225 located 

between flag structures 205, 207, 209, and 21 1. Support structures 219, 221, 223, and 225 
provide support for the flag structures prior to the encapsulation. Each support structure (e.g. 
219) includes at least one bend portion (e.g. 233) for providing stress relief between the two 
flag structures (e.g. 205 and 207) and die. The bend portions of the support structures allow 

25 for the flag structures to move laterally with respect to each other to reduce stress of the 
package during manufacture as well as during the operation of the device. In one 
embodiment, the lateral movement includes lateral movement of the flag structures in a 
direction extending between the flag structures. In other embodiments, lead frame 201 may 
include a lesser number or greater number of split flag structures with support structures 

30 located there between. 
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[0019] In the embodiment shown, the support structures (e.g. 219) each have an *'S" form 
with the portions of the support structure connected at 90 degree angles with each other. For 
example, portion 23 1 is connected to portion 235 at a 90 degree angle. Portion 237 is 
connected to portion 235 at a 90 degree angle. Portion 231 is connected to flag structure 205 
5 and portion 237 is connected to flag structure 207. 

[0020] In other embodiments, the support structures may have other forms such as forms 
having rounded comers. With some embodiments, the support structures may have a zig zag 
form. With some of these forms, portions of the support structure may extend from the flag 
structures at non 90 degree angles. 

10 [0021] Lead frame 201 is formed from a sheet (not shown) of suitable lead frame material 
(e.g. copper) using any one of a number of forming processes. In forming one embodiment 
of a lead frame, the sheet of lead frame material is stamped and/or chemicailly etched with a 
pattern that includes patterns for multiple lead frames (e.g. 201). In some embodiments, the 
lead frame patterns are arranged in columns and rows in the sheet, 

15 [0022] Figure 3 is a side view of an embodiment of a packaged electronic device 

according to the present invention. Packaged electronic device 301 includes a bottom die 305 
and a top die 303 located in a stacked die configuration with a spacer 307 located there 
between. Some embodiments do not include spacer 307. Die 305 is mounted to lead frame 
309 at a die mounting location of lead frame 309. In one embodiment, packaged electronic 

20 device 301 is a packaged sensor device with a transducer being implemented in one of die 
303 and die 305 and a signal controller application specific integrated circuit (ASIC) being 
implemented in the other of die 303 and die 305 for converting the mechanical signal into an 
electrical signal. In some embodiments, the transducer and signal controller maybe 
implemented in the same die. 

25 [0023] Lead frame 309 is similar to lead frame 201 in that it includes four split flag 

structures with flag structures 328 and 329 shown in Figure 3. Lead frame 309 also includes 
four support structures coupled between the split flag structures with support structure 327 
shown in Figure 3 coupling flag structures 328 and 329 together. The support structures (e.g. 
327) of lead frame 309 include bend portions for providing stress relief. 
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■COM] Leadfra„,e3(»inc.udes«irebo„dpaas(e.g.3U and312,. Bond w,res (eg, 

wed to W pads (cs. 32.) o, die 305 and .o .he wire bond pads of ,ead ran» 
^ Tiged e,e»onic device 301 aiso include bond wires (e.g. 323, U,a. coupie .he bond 
ds oTd e 03 (e g 331) to .he bond pads (e.g. 321) of d.e 305. AUhough. Figure 3 shows 
C riiZtads fir die 303 and die 305, die in od,er en.bodin,en. .a, include .ore. 

,00251 m one embodimen.. die 303 includes a mechanical sensrng secure (MEMS) and 
r305 includes a srgnal condirioning conlroUer. In one e— en., packaged e,ec«on,c 
rl 301 .s conngured .„ a Quad Fla. No-I^ds (QPN, conflguraaon. However a 1^ 
trante having a supper, s^c^rre coup,.ng flag suucures n.ay be .mplen, n.^ m pa^^^ag^ 
eleconic devices of o.her .,pes of package c„nf,g„ra.ous such as e^g. plas c d^ ■ -^-e 
package (PDIP), small oufline in»gra»d ci^ui. (SOIC), and ball grrd array (BOA). e.c. 

lO^i U, one embodiment lead frame 309 is formed from a shee. of lead frame ma.eria. 

. ,, , . Y 2 5" coDoer plaK having a Ihiclmess of 
(no. shown). In one embodimen., .he shee. rs a 8 X 2.5 coppe p 
Lween 5 .o 15 mils. bu. may have „.her dimensions o.her cmbodrmen^.. Hie sheeUs 
Lpcd .o defme muhiple le^ frames in rows and columns. In o.her embodrmen. .he 
r^lead frame marerial may be pa..er„ed by etching. After .he iead ..ames m . e shee^ 
ha'Ln defined, .he suppor. s~ are erched from bodr .he .op and bo..om of tt« s.^ 

aT^Le m^erial .0 r«.uce .he d^ckness of .he suppor. suuCures. In dre embodrmen. of 
of lead frame ^ 
Figure 3. the suppor. smicnires(e.g.Ji') are ,-,7wn„wsUie 
, (e g 328 and 329). Reducing me thickness of dre support s«uctures (e.g. 327) allows dre 
suppor. .rucutrc .0 be encapsulated w,.hou. dre bo..om of the support sm.ch.re be.ng 
exposed from encapsulation. 

r ^ ;« th*- chppt of lead frame material, the die 
[00271 After the lead frames have been formed m the sheet ot leaa 

rlhed .o dte lead frames a. the dte mountmg — . - embodimen.^d.e are 
,5 a..ached .o d,e lead frames wi.h conducdve epoxy. In other embod,me„.s, *e d. a. 
attached by atuching d.e die .0 pads or spacers a..ached to the lead ^^- '^^^ 
mounting locadons. Afterwards. d.e bond pads (e.g. 32.) of .he dte (e.g. 305) are wtre 
bonded to die bond pads (e.g. 3.2) of die .ead frames. 

10028, Wid, some packaged electronic devices havtng a stack^ die con^gurad^^ 
30 spacers (e.g. 307) are dten attached to U,e top sides of d,e bottom dte (e.g. 30=^^ Top d^^ (^g 
303) are atuched ,0 d. opposi.e sides of .he spacers. The bond pads (e.g. 33.) of d,e top 
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(e.g. 303) are wire bonded to bond pads (e.g. 321) of the bottom die. The resultant sheet and 
attached die are then encapsulated in an encapsulant (e.g. 317). The encapsulated structure is 
then cut to singulate the packaged electronic devices. The packaged electronic devices are 
then tested and shipped. Packaged electronic devices of other configurations may be 
5 manufactured by other processes. 

[0029] One advantage that may occur with a lead frame having flag structures coupled by 
a support structure having at least one bend portion is that it provides stress relief for a lead 
frame of a packaged electronic device during its manufacture and during operation. With 
some embodiments, the use of support structures to couple split flag structures may reduce or 

10 eliminate the need for a gel (e.g. 109) or rubber pads (e.g. 1 13) in the packaged electronic 
device. Accordingly, problems associated with different temperature coefficients between 
the gel and encapsulant (e.g. gaps) may be eliminated or significantly reduced as well as the 
cost and complexity of the manufacture of the packaged electronic device may be reduced as 
well. Another advantage of adopting such a lead frame design in a QFN configuration is that 

15 it may result in a package with a significantly smaller footprint. Providing a support structure 
coupling these flag structures and having at least a portion of the support structure between 
two flag structures may reduce stress during encapsulation and provides support between the 
two flag structures during manufacture. 

[0030] Figure 4 is a perspective view of another lead frame according to the present 
20 invention. Lead frame 401 includes two die mounting locations 405 and 403. Die mounting 
location 403 is located at a first side of four split flag structures 421, 423, 425, and 427. Die 
mounting location 405 is located at a first side of flag structure 404. Flag structures 421 and 
423 are coupled via a support structure 411 which has two bend portions, and flag structures 
425 and 427 are coupled via support structure 409. In the embodiment shown, flag structure 
25 423 is coupled to flag structure 404 via a support structure 413 having a bend portion, and 
flag structure 427 is coupled to flag structure 404 via support structure 417, 

[0031] In one embodiment of a packaged sensor device including lead frame 401, a die 
including a transducer is located at die mounting location 403 and a die including a signal 
controller operably coupled to the transducer of the die is located at die mounting location 
30 405. Such a packaged sensor device configuration can be used to implement an inertial 
sensor. In some embodiments, the signal controller would be operably coupled to other 
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circuitry (not shown) external to the packaged electronic device. With other embodiments, 
such a packaged sensor device configuration maybe used to implement other types of sensors. 

[0032] Figure 5 is a side view of one embodiment of a car according to the present 
invention. Car 501 includes a number of packaged electronic devices (e.g. 515, 505, 512, 
5 511,510, and 5 19) that include a lead frame with two flag structures coupled with a structure 
having a bend portion. These packaged electronic devices implement accelerometers or other 
types of inertial sensors such as e.g. angular sensors for measuring angular velocity or 
acceleration. Packaged electronic devices 515, 519, and 512 provide acceleration sensing for 
air bag deployment. Packaged electronic device 505 provides central crash sensing. Other 

10 packaged electronic devices can be utilized for providing rollover detection. Packaged 
electronic device 51 1 is utilized to provide braking detection. Car 501 may include other 
packaged electronic devices for providing other sensed information including side impact 
detection. These packaged electronic devices each include an inertial sensor. Each of the 
packaged electronic devices is operably coupled to a central controller (e.g. by a wired 

15 coupling or wireless coupling) for providing the information sensed by the sensing circuitry 
of the packaged electronic device to the central controller for operation. Packaged electronic 
devices as shown and described above may be implemented in other types of automobiles 
such as e.g. trucks, pickups, SUVs, motorcycles, and vans. 

[0033] Figure 6 is a block diagram of one embodiment a video game device according to 
20 the present invention. Video game device 601 includes a screen 603, control unit 604, and 
hand held peripheral unit 605 which is operably coupled to control unit 605 via e.g. a wired 
coupling or wireless coupling. Some video game devices do not include a screen, wherein 
control unit 605 is operably couplable to a television to provide image information for 
display. Peripheral unit 605 includes an inertial sensor 606 implemented in a packaged 
25 electronic device having a lead frame similar to lead frame 401 or lead frame 201. In some 
embodiments, the screen 603, control unit 604, and peripheral unit 605 are implemented in 
one housing. 

[0034] Packaged electronic devices having lead frames similar to those described above 
may be implemented in other types of devices such as airplanes, cell phones, appliances, 
30 space craft and other space devices, or other devices requiring inertia and/or gyration 

detection. Furthermore, lead frames similar to those described above may be included in 
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packaged electronic devices with die implementing other types of circuitry such as e.g. micro 
controllers, digital signal processors, logic circuitry, and memories. 

[0035] While particular embodiments of the present invention have been shown and 
described, it will be recognized to those skilled in the art that, based upon the teachings 
herein, further changes and modifications may be made without departing from this invention 
and its broader aspects, and thus, the appended claims are to encompass within their scope all 
such changes and modifications as are within the true spirit and scope of this invention. 



